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Cu-Catalyzed Desymmetrization of Cyclobutenes
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Pt-Catalyzed Enantioselective Dibortation of Cyclobutenes
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Rh-Catalyzed Asymmetric Reductive Heck reactions
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Rh-Catalyzed Asymmetric Addition
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Co-Catalyzed Diastereo- and Enantioselective Hydroalkylation
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Introduction

Co-Catalyzed Diastereo- and Enantioselective Hydroalkynylation
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Current Research Status
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Enantioselective Functionalization of Cyclobutenes

o Ph
o )\
Bpin,,' Bpin,, AI’,’"’ |:-I Ar/,,‘ E% o Ph

NCbz NBn

Bpi n A H\<o ,,,/}]/O

Tortosa, 2016, [Cu] Tortosa, 2021, [Pt] Fletcher, 2021, [Rh] Fletcher, 2021, [Rh] Meng, 2023, [Co]

Representative Bioactive Cyclobutanes

F
(@) H O
), H
T g ~
0 I OH
H © § TOH
HO HO
belaperidone trigohonbanoside D madangone B

Q_/ Q_J

Pattern A |:| Pattern B l:l Pattern C
Has Been Reported \ No Report / No Report

12



Pd-Catalyzed Enantioselective Functionalization of Cyclobutenes

Pd-Catalyzed Divergent Enantioselective Functionalization of Cyclobutenes
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Pd-Catalyzed Enantioselective Functionalization of Cyclobutenes

Optimization of Reductive Heck Reaction (Pattern A)
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Pd-Catalyzed Enantioselective Functionalization of Cyclobutenes

Optimization of Reductive Heck Reaction (Pattern A)
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Pd-Catalyzed Enantioselective Functionalization of Cyclobutenes

Substrate Scope of the Reductive Heck Reaction (Pattern A)
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Pd-Catalyzed Enantioselective Functionalization of Cyclobutenes

Substrate Scope of the 1,3-Diarylation (Pattern C)
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Pd-Catalyzed Enantioselective Functionalization of Cyclobutenes

Substrate Scope of the 1,3-Diarylation (Pattern C)
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Pd-Catalyzed Enantioselective Functionalization of Cyclobutenes

Substrate Scope of the 1,3-Diarylation (Pattern C)
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Pd-Catalyzed Enantioselective Functionalization of Cyclobutenes

Substrate Scope of the 1,2-Diarylation (Pattern B)
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Pd-Catalyzed Enantioselective Functionalization of Cyclobutenes

Substrate Scope of the 1,2-Diarylation (Pattern B)
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Pd-Catalyzed Enantioselective Functionalization of Cyclobutenes

Deuterium Labeling Experiments
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Pd-Catalyzed Enantioselective Functionalization of Cyclobutenes
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Pd-Catalyzed Enantioselective Functionalization of Cyclobutenes

Proposed Mechanism of Reductive Heck Reaction
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Pd-Catalyzed Enantioselective Functionalization of Cyclobutenes

Proposed Pathway for the Formation of 3a
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Summary

Pd-Catalyzed Divergent Enantioselective Functionalization of Cyclobutenes
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Writing Strategies

O The First Paragraph

The Importance of

Chiral Cyclobutanes

v

Construction of

Chiral Cyclobutanes

v

Current Limits and

New Strategy

v Aliphatic small rings, including cyclopropanes and cyclobutanes,

have been increasingly investigated in medicinal chemistry for
their beneficial physicochemical properties. Cyclobutanes con-
taining multiple contiguous chiral centers have demonstrated
appealing bioactivities.

Although enantioselective [2 + 2]-photocycloaddition is a straight-
forward strategy to access chiral cyclobutane derivatives, the
structural diversity is limited, as it generally requires two alkenes
with matched electronic and steric properties. As a class of
readily available carbocycles, cyclobutene has been used to
synthesize enantioenriched cyclobutane derivatives.

v" A highly enantioselective difunctionalization of cyclobutenes for

the syntheses of Pattern B and C cyclobutanes is still
underdeveloped. Here, we report our work on palladium-
catalyzed divergent enantioselective functionalization of strained
alkene cyclobutene to the assembly of the above multisub-
stituted Pattern A—-C cyclobutanes
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Writing Strategies

O The Last Paragraph

Summary
of this Work

v

Highlights of
this Work

v

Outlook of
this Work

v" In conclusion, we developed here a divergent palladium-catalyzed

desymmetrization of cyclobutene to access enantioenriched multi-
substituted cyclobutanes with three substitution patterns.

Three types of enantioselective reactions, including the reductive
Heck reaction, 1,3-arylation, and 1,2-arylation, were developed
from the common Heck intermediate with the evolution of the P-
chiral ligand. A variety of deuterated Heck reductive products could
be obtained with the judicious choice of deuterated reagents and
solvents, demonstrating its potential utility in medicinal chemistry.

v' We envision that the investigation of the precise functionalization of

the preformed four-membered ring skeleton could reveal more
characteristic and valuable transformations with the development of
a new methodology.
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Representative Examples

v

v

v

Even non-enantioselective carbometallation approaches for four-membered

rings are nontrivial (adj. IEEFLAY, EZERY) and rare.

With ortho-substituted arylboronic acids, which often suffer from (B, 2%,

A AFEERMNMPEFERNERR) low yields and enantioselectivity in transition-

metal-catalyzed reactions, we obtained low enantioselectivity using standard

conditions.

As depicted (vt. ¥®%&, #EiE) in Figure 1A, cyclobutanes containing multiple

contiguous chiral centershave demonstrated appealing bioactivities.

29



Acknowledgement

Thanks for your attentions!

30



	幻灯片 1
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10
	幻灯片 11
	幻灯片 12
	幻灯片 13
	幻灯片 14
	幻灯片 15
	幻灯片 16
	幻灯片 17
	幻灯片 18
	幻灯片 19
	幻灯片 20
	幻灯片 21
	幻灯片 22
	幻灯片 23
	幻灯片 24
	幻灯片 25
	幻灯片 26
	幻灯片 27
	幻灯片 28
	幻灯片 29
	幻灯片 30

